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=F&j-< * - > z&m? s tcuxom®.?^ a x t . 
Btriais^^-Acr)igss(cieg$n > mmum.^-^m 

gp* B«f easflsiTv* -t x ©#ft^K*f-r a /c«t>© v ^ p 
mriea?tie-A©ssg©, «riBb-Ax:7*y vztmm 10 

IBv A V P 5 9 -K JItcS 1i4 fc#>©Sl7£^g:<h . 

<£ o "C JItc 5 ft h bus BS?H e- A©c(3^P - ^©«s«i 
*I«I©^«T-C*i5. 

flfflBHttK-AjMgWB 5 5>-K:<fc otgW 3ft. Mof? 
IBSiSb'-A©— gp*5f5|gv^ >7\i 5 7-(cJ:-,t5» 
Sft. t?l3iS*f$n/cttSlb*-AaD £ HlrlES«t*-A© 
iftiaJStt $ ftfc^© W##li«sB*§lfc fv W^icAWl 20 

x . ^»*s^?^* -c * {cajei»r«iM i #>< * - > *jbbs 

[11*312] t*-A©JtXM©US?rffiM-r-S/cit)©^ 

smriBe-A©siai^K^©*^p-^©asefc&i»i 

[iH;$I3 ] igffiS'J^>XT-A©b*-A^^ -< 

mriB f - a zmft-r h /c»©n t , 

HtffBb--A©*^(c. B?IB**Stl/cf-A©^^ 

s . Bfria^Tt s ft b- a ©^ i £js*f-r 4 

Hi, 

mizm l gB#feW©g&#*» £>f££ . Mia** $ ftfc b- 
A©9I 2 £H5#£ (SH $ -a & £ . 

[0 00 1 ] ^b-A^H^X^A, 40 

b- A©iKs© * * v f- ■< zmm-tz, tcn><D -? a t> 

[0 00 2 ] §*li!<WCV-Xb-Aa>iE>SJfib-A£}ffl 

wrs?c«)©~>xf-A*^'3^#SE-rs„ c©±^6i 

*b*-A*s^«:i'©j£fflK:WSa)-c4)SC -tXic 
*n6ftTi>s. b>*-;k T%*3%ffi»r/jNSJ5:ggn 
=srfflt>-c, s^^©v-x^e,s*a3n-sb-A^e 
ffistr-A^fiS-rs^^Afe^-r-s. tc©v-x 

li]-- CB.07C©V-Xb-A{C*fLr— S©fi[fflM^=& 50 
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*ffli»r. v-^b-Atp{c??ii-rsiR^©^^J:bf5 

/Jn3 ft b > *-;U*SiR^?:W-r -5 b- AOigggCCffig S 

u/c«t), mm? ';->%tr-A*^fiS$n-5ci*tja 

[0 00 3] ^-^^©^©^ft^XT-A©!©^, » 
IS £ L T $ ft 4 b - A h iRH4 ^ fc«>(c , 

b- - h ^ ^ 7 * x . #lS£BBIt8££*. vol . 
661(1986), 74( r h 9 ^ ^X J ) ( "A Phase Measurin 
q Radial Shear Interferometer for Measuring the Wa 
vefronts of Compact Disk Laser Pickups" B.E. Trua 
x, Proceedings of SPIE-The International Society f 
or Optical Engineering, Vol .661(1986) ,74 ("Trua 

x")) j «cfBi&;**i-ci,>s„ cccciBtg^nrc^v'X 

irA©i§-£, ^mmt. U— !f b-AV-X©fcb^(CiB 
Kt-Ai«Hf-AiK»«t4. b-Afifc*:^© 

[0 00 4] C©<fc i 5^P§P/b-AS£^;S©ixX7-A 
£r£/£f3,, CCj^&i^-^A©*^, b-AlsraP 

*j1®l-c, b-A©d3,c^e>fnn-5(cignTJ:b^iu-c 

K7 -f ;l/^Mffi3n/cb-AlJC©NF^P-b-A£% 

otl,^*, l£^3n-CV-Xb-A©iHK:^[7u$ti 

4. 

[ 0 0 0 5 ] iia©^^^:. C©J:5£r>X7-A«, — 
S/cto. ^-©x^^+'-t*. *7feb-A©J:-5Ccd3^K: 

ft"t>U-cC>!&t>. 1 0%PBP- 1 Ofgb-ASfc^Sv-X 

7-a©^-&, gfin©amt, b-A©it@©i o^-©i 
-c*^ 0 8inmwte, 7c©b-AM«©*sji o 
o^-©i-c*.s„ c©j:^^i o^pan^xf-A^iiitf 

b-A£ <t ^(C-JJWiCffifflSnoi, HlW(Ct-A 

^c*ttm*«. cw^ft^x^A-eu^jaffSv- 

[0 00 6] h -j ^XCClBiBSft-CO-Si/Xf-A© 

b-Affi;^:S3!)^M3n.5.i*mb"ARo'ajtb 
-a«. •> $< l c<i:~>xmzm-&2ti. 1 "fe 

7©b ^7-; ?'±lC^m'*2--> : $:Bf&TZ. 
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[0 007 ] r y =j ■> ^X(CgBtKSn-Ct^->X7-A(D 

hta^ctxubh. ■tctz.te. h 95 •vfyuz.zimzti 
t^s^t-a©*!^ 5 w^c^ffl^n-sji 

I 3 tl tc b - A CD— gf5**b 9 s *} * -5- (C o T Jg 

[0008] mmcpic, mwnfi^^-j^mir 

S©iCLED#^3ft&„ b">*-.>U*Jf£:£ 

ei. M«lS^-*5t*-AigSg^g«,U. TjMt#»S 20 
[0 009] TvAl/*^ hJttfttfD|H|tcSfUfl-fe * rT 

tmtt t fete. Kiwitc^^AftUKdi-riiBtcr 5 
[ooio] S£or. #»gi©B8jtt. JtRfityR£©|g 
^> r£^«^&fc«Hcffi/B3ftf#-53S2 b-A£p]i$ 

[0 0 1 1 ] ##6HJ3©fl&©g#JW:. V-^tf-ACCfffc 30 

/cab© v ^i'as?- &«*.r t> sTWH-fcawtra C 

[0 0 1 2 ] #2£HJ©3 6(Cfl!i©gffJ«, 75-f>^> 

nw^comcc, -fey h7? :/*gotr •&!&§?©& i»>t# 

[0013] *#6^CDCn6CDSfi«JS^fl6©gfl«Jtt. V 

- x f - a tc*$ w 5 JK^©I£8£:iMgB<j§w £ct,>s« t* 

fttcfco-rsaastis. 40 
[0014] Tmmx. T^f-^S^fiSortWH-r 

ISKdJ;>j3ftS D #»WKJ:4T#IH*. KMtf. V- 
^^©V-Xb-AATJ^TfcT*., *T*lt«> V 

tr- A4i*^f- A&o>*g*£b- ACc^-SJ-r &tceb 

f-ACOigSgfClBg^n, f£f?b-A£b-AX:? - v" y 

*0. »Wt-A©iftffi{cSfforKiie-A©fltffi*SE so 
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[0015] W*C235-«. SI»t*-A©ig8§(CHB 

g3ft. a*t-A©— »*tr-A^^"'; »>tcR4«t 

S?Hb-A©g8g©. t-A^'J^ 
i7^^o57-t©». b>X&£©»7fc3M9:£19: 

i*h'-A*v^^DS7-Ki*$tS. 
^^0S7-HSIfMftti,^„ ^RJ5Wf*©m# 
fa©^T?£«, »7^&{t<fco-Clft3fc3ft&Mgb-A© 

smnuK^®^ a - ^©« ««*i^©^mt-c * 
f - A©£iH3SgKM&©t£4>a - -7<Dffi?;fa<D-*m<Dm 

OS C tA>. 

[0 0 16] ffefc3ftfcgitie-A©(frfrn--:7\fc«Jfc 
'h3 ££M1Ktt«ftT Ct^Sv^as^- 
«> WSy-tfrf (spatial filter) iirfeiH 
■C. b'-Atfi©lR^©i*^ffi^-r-S, 0 

[0017] -< ^*t*SW**W0-Cl>4. i!3R 

8t2rioJ©!f&tt. BylBmTfef-A©^^-^©**!^ 
©^~&©#J 3 t>© 1 t(Tr*5 C £ L t>„ 
[0018] gfc. ^IPJitt, fc*-A£:7 ^ JL-^MS-T 

b-A©i^L*gB#ttJ5£f3ft.S# > W>fflJ» 

^© «««^[6]©^-a«T-C* & . 
[0019] S«3ftfcgp#©Tfi*tt. br-A©28B3S 

^t?*€.. K**35#£«fc9/h3<atR'r6Ct&cJ;-o 

*A#<SJR-r «fc e-A*£]fc 
[0 02 0] v-i'i'na^-li, ^ JlZtUXftk 

■oi>zi*. -j a jvdt$mstix^fn l >^MU.mif-~A<D 
-sp i » t z, mm t* - a t o x » £ *i s h m 3 n e 

-Agp^^^T^ii&iC, 77-fW>Hfr^ 
7^ACcj:-5rs*3ti*Sjaf-Agp^4^i|i&f So 
[0 02 1 ] fc--A£7 ^ ;b$Ma-r-5/cfe©^-ffi(Cj; 
<T,«> 7 ^;U££3 ; ffl3ftfcfc'-Ag|S##7'7-f>y> h 
Sia^^7-A(cJ;-,rS7t:3ft.S„ ^Ifc&ffiiCJ: ot, 
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[0 02 2 ] £Z^Wnt<D--~D<Dlffmb:mm<D 

»tr6fca6<D^-<^ ttlBS^b'-ACDMSgCCiBgS 

A(Djg8g<7X ftflBti'-A^^U y ££fjlBv^n 5 ^ 
-££Wc|Sg£ft, MI3a?gtr-A^:BulB^^ 5 

(JIBS* tf - a a - & £«;firrnj ©^ffiHTT 

- A OiJIBSS* £ ft /cSB»(Z)PI#*i hJ IBB« 5 s ' < -f X (X. 

>*Mt5. ±fa*f6K<D— Wrtt, vOa^7- 
T 5 A Is* > r *fetHS* 3 6 fattfcf £ £1 t ifl-C 

[0 0 2 3 ] *mM<Dlfo(Dmmic £ft« v fcT-AODiRM 
[0 02 4] *#69!OS e>CCffi©»«Cc Jititf , i&ffiffl 

(Dtpfosnftzm-rz* mmmytztitcv- &<om i 

bWB«36 5 ftfc tf - A©» 2 3 * l>ISi % 

[0 02 5] *#M9©ffi©BWtt, *»WCcSF^-rS(fi 

[0 0 2 6 ] KHcfi«:j6iK % T&b^SUTl 

zvmmc&mr&^mti o ^#tn ocda 

SUT1 2^6<Dfcf-Al 4*«*&lT£ 0 7^>f 
>y > h (alignment) #^52 0&%<D7 ^7 J> J > 
8M7V>^ (fringe) 27^2 4#>6©:7 
U>^«#2 2«:J:or*«3tiST»M-l 0<DW^j 

2ftH»«rs i 6 ^(oxtj^nm-r S UT 1 2 ft 

fc. «cW/£jB2 6, 3-j^^^28, MSUT12^ 
6©e-AiliI*^5E-rSbf-A|8P«rJf^*rS»ao<f: 
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«&3 0 

[0 0 2 7 ] T$fr 1 OftCC, e-AX7'^^3 2 
£ ; »W18SU>X3 4i : ^-^U>X36£ ; IS 
§ffiH»3^-3 8± ; vOP^7-44i ; ^SSItk 

*>72 4^i'(?)t'ft^y7<!:ltfei«fe7 y 

10 [0 02 8]BUc*tJ;5(c, b-A^7'y^3 2 
SUT 1 2^6<DtT-A 1 4^2^CDfcf-A, -T^C 
to^SS»jg8Str-A4 0RO'SUIiK8Stf-A4 2CC^S!l 
T£„ 6C»ISI8fcr-A4 0». t-AX7 , 'J^3 2^ 

^wfum^^s 8^ittrr& e 

ccfci*TKi6g8Str-A4 OttSStStiT. fcf-A*:/ 
y*£3 2&cgi3ft, cft&cj^T? y >^#^2 4 

NK»3ft4. JSWSnteSttfcKISe-AW. 

2 4±CC»fflOi*3 0(D«*JK«'r&. **^S8t*- 
20 A4 2te, e-AX7' y 3? 3 2#>6^ft£;&ft«itT 

U ^SSSSU>X3 4tcJ:-prv>r^P5^-4 4± 
&t*7fc£ft£ 0 fcf-A*:/y **3 2iK»ffi85^- 

3 8i<DP H 1c7)fSgi«, »SL<«, tf-A^^Vy^3 
2ivOP5 ^-4 4icDra<D8BJi^U<&-5J:^ 
«ltf?3ft, IS^3SK5^-3 8SO'7^p$7-4 
4^6M3nt7 y>^y72 4^AW1"^b'-A(J 

[0 02 9 ]7^^D>7-44^ SI*3ti/c^-A 

^;U^-^jgHj-<^x4 6S077^>^> h^^-i^ 
u>X4 8^aii®Lrr^^>^> r*^2 OCC^^ 
ct^CcTio v>r^a5^-4 4CCJ:^TSS4$n/cS 
«ie-A4 2©SJ»5 0«, »mSi»U>X3 4CcJ:^ 

u>X3 6^ji®ur, CCDJ:^CCUT, *ftH^<!:^3 

o?:^ y >sp*^^2 4©trv ?7v7tcm&z&z> a 
[0 03 0] 77-/>y>F^y72 0(t r^>r>^ 
>h-T^-^U>X48iifeCC, 7>f^P57-44 
40 S^aW-^-^4 6 0f*^cEiE3*i-6„ aw-^-^4 
60C^/c^>*^ 7^/^P^-4 4(C«^/c63feli»* 
SKtf-A4 2©*K:a:or % v-r ^ ^-4 4tcj: 
ottDSft»««J&IIW$5I^*y K?)^ 4 77 

[o o 3 i ] r^><>^> hft-^i 8«, r^-r>^> 

2 0^e>^-=-^5 2^C|±l^J$n, 7^P;7 

-4 4oa«j&r^>f»>h^ma3ti4 0 ^^^5 

50 #Tl^*^U-^«, 7^P;7-44*/dJSU 
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ti 2*-gtm<Dmism*<D{iL&zm&Lx< iehhm 

m, *¥T7^>^>K ROS*«ISgt:*-A3 4©v 
-i i> a 5 7 - 4 4 ^cD»^*«}#-c S s J; 5 &t U t & «fc 
I*. -(SWic. T^fi- 1 0 ©fllJ&SH 1 ^ t><-3#>©S 

v^mcs-^ii^stt. -£©&. suti2©j®?*r 

0'77-f>y>h*iBS3n5. SUT 1 2©J$*«. 

<. iim&OPMiBr&SCiW:. ±IBJ:DBSe>A^ 10 
[0 03 2] v^?oy-^44tt, #7X&<»:©j§BJ 

[0033]7^i'aj7-44lt V-Xf-A©iR 
^©I?§£it$$&<jS tf £l > V - X t*- A £ . s« f - 

v^>?a 5^-©A"£3© 20 
«8?«:WL.rtt. H2**JB0TGTF«:BttlIT.5. 

[0 0 3 4 ] 02iC*i<,>T. M§2 0 2{*J WM<D&W 

LT^Urt^. f-i73SS2 0 4*5cp^2 0 

>f >y > h #11^3 ft/jN^S2 0 8 «, 0 'XMVx 
S^*fc«^l-fefP (null) i L/Tfe^ae.tl-CI,^. 31 

1*/J\*2 1 0&O2 1 2-C£D£. #RIt-^2 0 
2©^fffl^ffi^«. »2*/h&2 1 4 SO* 2 1 6CC*J 
1>X <£>fi/jN£^-r„ Ch6©«'M». 1 &0*r*'h* 30 
tcitm2-T)V (null) tl/T&ftl^tl-rt,^,, 

[ 0 0 3 5 ] m 1 &>J\£2 1 0 <fc 2 1 2 t<Dffl<Dtm&) 

£„ #£»P-:/©«#ffl©Tfi3:». f lf']\*2 1 Oi 

2 i 2i©ra©^2 i sKcto-r^stiSo —mm 
ic. ^ra^s^©*'^a-7'©«*^©^-a«, 
u>^©pgp^Ro-^ffl5tis^^*^T^^ibr 

a-^©^[sj©^2 i 8». mm<Dtmwstxmm 
[0 03 6]9]o-T-22 0fcj;y222B, -en-en 

1 */Jnj&2 1 0 if 2fi/J\*2 1 4 t©m©M^ R 
Of l*'Jvft2 1 2 i»2«/|^2 1 6 £©m©1RtttC 
«fco-C«5£3n4.. ft*3ti/c*iD^fcr-A©JS^ x 
♦ ■^-©^SWWi. m 1 */J\&2 1 0 t 2 1 2 i©ra 
©tt,«2 0 2©T#©^K£oT«5£3ns*>i>P-- 

[0 03 7 1 *^2 3 0(3:. *36tf-A©fflHHIfflKHir 

cn«3-vtu-c»6n'ci,^#*€«ffl©Jix^ 50 
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o-^2 3 6©WJ, L-C#iR£t*-A©SlP 
-^2 2 0©SilSJ:f) *>ffl»WCc«,>**-e*4. 
■C. 3VJRg£:jrr£JDtgt*-A©glJP-:/2 3 6ft 

«c. ^iR^t--A©pja-^2 2 0 iOk^ox*^ 

+"-^#«E-r?>„ ®3«, #HXMb*-A3 0 2M3V 
HX^^W-T £ tf- A 3 0 4 OH#©ffiBB4ttt»***HR 

[0 03 8] iRMf-A©giJci-:/K:-&gn£x*;l/*- 

-b, ^*©w«a©±iR*ifcjrrs. §ijn-^©x 
isn. v-xe-A{c^-r€>iR^©15»*i:b$5W^ 

W^Cl,»***b"A^^-rS 0 vW;5'a5 7-4 4ti. 

iifcK, v-*t*-A©^7}iS©tfri>n 
nSx^;U+--?rSI*^Itg^*3{CU^Wtltf^e>^ 
U. fcT, 7^D57-44B, ftT^f-A©^ 
5fia^©**o-^©«K«*l^©-^2 1 8*1^. 

[0 03 9 ] v-fi7PS7-4 4A>6©5Wi*M'- 

*^©f - AtfJODJR^^IiJ^-r -5^©i:biJ©S^i It 
ffiffl3ti£. 

[0 040] JS*fffl(cjlti?3n/ct*- Agp^*5jg«3<a 
fcS?|it'-A©fflSSO^K*^'€t--SS:f!l ; &*/c-r«!: 

-4 4^*^HJ©^sf(Cj^B-rSJS^. 7^057 
- ©«#|SJ ©rHSjftlJfi* f - A ©^^a^lft © * O 

-■7<Dm.m(Dm3ft<Di ttaz>&*>ic> t*-A©js*f3 

♦aSa57>*3jH^3ti-S^#-CA-2>c<t^fi|*^fc„ c© 
S2©ggg|2 4 0iCj:-5r^3nSo BBMI2 4 
0«. ft«2 0 2i, 3^iR^^WT-SiRllf-A©^ 
MMii 2 3 0 <fc©3&£ 2 4 25^2 4 4CC<fc-? 

tt»»5r*8:2 4 0©tB£. SJa-^2 3 6CC#fi^^ 

[0 04 1] Wll^iitSi, lit^^SSb*-A4 
0SO»*SI.SSSb-A4 2*^ U>i?*^^2 4© <J* 
St U "CH^ Lr t »ft C > ) f y * T s» 7*{C[5IB#{CAS4T 

CitCj^T. s^©^s-rs^^^->^jf^3 

ti^„ 7'J>y*>7 2 4tt, «l©^?rftl(±iL, C©J: 
v^cMlg? ')>V > m^2 2CC^U. *x^5 6S 
C«BB»«tS 1 6 (C«MT4. * 5 6 »«l©»^« 
jp'TS. C©^«. T^ltl 0W5SUT 1 2©r 

©PJSRfCjjoT. ^-^U-^^. =F»tt 1 o tc^r^ s 
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UT1 2Or7-f>^>hS0fJt8J»«:H"«-S««3©JMB 

ara£*»iE-r.ac£#«-rss. i&ffi^wig 1 6 ? 
ffifiififfl(c«r4 s u t 1 2<jymm<F>'?* vt-j 
[o 04 2 ] jgffi^wsi 6«. pcswaa-^>* 

- 7 x ^ X -r >>-? -Y X & £'© 3 > f * - £ ic J: o -C^T 
•5>C<b#-C££ 0 7 1; ^i>*l*z> 2 4*><E>©7 <)lsi>m 

*-f1f (0^i±-T) ^©A^fitETrS,, xAa-7--, 
t> (MU Te c h) JtP6#y&3*l3 rxAtr^a> 1 
0 0 0 7 U-A^7 (M Vision 1000 Frame Crab 

ber) J &«!r©«WSfl<J)Q:tf t *m#^*-<-!ftt. PC 

i-f>it-7i-f^i-57 2 2©i&g#7=v 

tat. 7 s -f y*;Wfc;*ftfc-f y-i>m#£S^*'»if¥U 

JIBS© fc* - A$ffi £ ffiffia* t* - A©*gffi <!: ©g *7n-r 
f 1 - 5? Z> C t *i-C £ & „ 

[0 043] $B#«t3§ 1 6 B. MUMSS 55-38© 

(H^vti-T) SCf£E«Gft« ( P Z T ) 5 4 K «fc -z>Xffl 

wtz>. pzt54«, ummss*. mmv-i»4 
o ©esrsdn^ 1 § &mztitc 

mm b*- Agp# 5 0 tc &Klt b'- A 4 0 ©<4tB£^ 
3ET?#.S<fc5fc:tltJjX-f 5. C©<fc<5&Cl,-t. SUT12 
*>6©&ffltt. j&ojMWdr&b-AfttBICfc^T. & 

0 SS^tC^jpt? # & <fc 5 Sc l/T i 

[0 044] j^ffi^^Tg 1 60PCB, 77^x74 
»T LT f - AOfaMWrnr- Z £?>Sft y * 30 

3>b-^-$: PC, PCUU #-F 
1 
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m~r zmmicttTz, suti 2^6ea-rsjgH©^ 

iC. Mh-mt (Zernike) ^m^tLZm^tl 
^-r-T-^fc. 7w^2;Mt;*n/c7 u>^m^-2 2(c 
[0045] fct*.«. ¥ffiMtcraa-r.ss'jS7 ; - # 

». ¥B*Saz=Ax + By + CittaHShSiRHt 
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1 Title, of Invention 

INTERFEROMETER HAVING A MICROMIRROR 

2 Claims 

14 

What is claimed is: 

1 1. An Interferometer comprising: 

2 a beamsplitter for splitting a source beam into a test beam and a reference 

3 beam; 

4 an imaging device for detecting an interference pattern; 

5 a mirror disposed in a path of said test beam for reflection of said test beam 

6 towards said imaging device; 

7 a micromirror disposed in a path of said reference beam for reflection of a portion 

8 of said reference beam toward said imaging device; 

9 focusing means disposed in a path of said reference beam between said 

10 beamsplitter and said micromirror for focusing said reference beam-on said 

11 micromirror; 

12 said micromirror having a lateral dimension not exceeding the approximate 

13 lateral dimension of a central lobe of said reference beam focused thereon by said 

14 focusing means; 

15 whereby said test beam is reflected by said mirror and a portion of said reference 

16 beam Is reflected by said micromirror, such that said reflected test beam and said 

17 reflected portion of said reference beam are both incident upon said imaging 
18. device and form a measurable interference pattern thereon. 

1 2. A spatial filter for reducing effects of aberration In a beam, said filter compris- 

2 ing a reflector disposed upon a transparent base wherein sard reflector having a 

3 lateral dimension not exceeding the approximate lateral dimension of a central lobe 

4 of the spatial intensity distribution of said beam focused upon said reflector 

1 3. A method of filtering a beam in a wavefront measurement system, said 

2 method comprising the steps oft 

3 focusing said beam; 
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4 reflecting a first portion of said focused beam, said first portion comprising a 

5 central portion not exceeding the approximate lateral dimension of a central lobe of 

6 the spatial intensity distribution of said beam when focused; 

7 transmitting a second portion of said beam, said second portion comprising a 

8 portion lying outside of said first portion. 
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3 Detailed Description of Invention 



INTERFEROMETER HAVING A M1CROMIRROR 

This invention relates to optical beam test systems, and more specifically 
to an interferometer having a micromirror for measuring the quality of an optical 
beam wavefront. 

5 Several systems exist for extracting a reference beam from a beam of a 

source under test Such reference beams have been found useful in 
applications such as interferometry. Some systems use a pinhole, I.e. a very 
small opening, to generate a reference beam from the beam coming from the 
source to be tested, Generating a reference beam from the original source 

10 beam helps to provide a reference beam which has the same wavelength and 

a constant phase relationship to the original source beam. Frequently, a 
pinhole is used to provide a reference beam which is relatively free from the 
effects of aberration present in the source beam. It is well known that when a 
sufficiently small pinhole is placed In the path of an aberrated beam, a relatively 

15 dean beam is produced because most of the energy present due to the 

aberration is not passed. 

In some existing interferometer systems, a beam expander has been used 
to remove aberration from the beam used as a reference. An existing 
interferometer system is described in "A Phase Measuring Radial Shear 

20 Interferometer for Measuring the Wavefronts of Compact Disc Laser Pickups", 

B.E. Truax, Proceedings of SPIE-The International Society for Optical 
Engineering. Vol. 661 (1986), 74 (T max"). In the system described therein, 
the interferometer is placed at the output of a laser beam source. A 
beamsplitter splits the source beam into a test beam and a reference beam. 

25 An aperture is used in conjunction with a beam expander to remove aberration 

from the beam to be used for reference. 

Such aperture/beam expander systems generally accept a collimated 
beam input and produce a collimated output. In such systems, the beam Is 
passed through an aperture to filter out aberration energy which is proportion- 

30 ally greater away from the center of the beam. The resulting filtered beam, now 
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narrower, is then expanded, in order to restore it to the width of the source 
beam. 

As stated, such systems generally accept a coifimated beam input Since 
the beam is colllmated, its energy is not as concentrated in the center as in a 
5 focused beam. In a 10% aperture-10X beam expander system, the aperture 

has one tenth the diameter of the beam. Thus, the area of the aperture is 
approximately one hundredth of the area of the original beam. When such a 
10% aperture system is used as typically with a coifimated beam, substantially 
all of the energy of the beam does not pass the aperture. This great toss in 

10 energy places a lower limit on the power level of the sources which can be 

tested in such systems. 

In the system described in Truax, the test beam and the reference beam 
returning from the beam expander are recombined in the beamsplitter and 
guided by a set of lenses and a mirror to form an interference pattern on the 

15 pickup of a video camera. The interference pattern is analyzed to generate 

data representing the departure of the source beam from that which produces 
an ideal wavefront. 

A disadvantage of the system described in Truax is that the interferome- 
ter must be reconfigured to a different setup from that used for testing in order 

20 to check and correct the alignment and placement of the system elements and 

the source. For example, in the system described in Truax, a mirror is slid into 
place to block light from strikfrig the video camera from the normal direction 
used in test The beam from the source is focused onto the center of a surface 
where a pinhole lies. A portion of the focused beam is reflected back from the 

25 surface and guided through alignment lenses to the sliding mirror where it is 

reflected into the video camera. 

An LED Is used to illuminate the pinhole from the reverse direction as 
occurs during the test Elements of the system are then adjusted and aligned 
while the pinhole is illuminated from the rear so that the backltt image of the 

30 pinhole overlays the image of the focused spot produced by the source to be 
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tested. When alignment is completed, the sliding mirror is slid out of the path 
of the beam, and the interferometer is reconfigured to the test setup. 

Changing the test setup during the alignment operation has the disadvan- 
tages of increased system complexity and the inability to permit the alignment 
5 to be checked while the system is configured for testing. 

It is, therefore, an object of the present invention to provide an optical filter 
which provides a first beam relatively free of aberration while simultaneously 
providing a second beam which can be used for alignment observation 
purposes. 

10 A further object of this invention is to provide an interferometer which has 

a micromirror for generating a reference beam which is relatively free of 
aberration present in the source beam. 

Another object of the present invention is to provide an interferometer, the 
setup of which need not be altered during the alignment operation. 

1 5 These and other objects of the invention are provided by an interferometer 

having a micromirror for generating a reference beam which is relatively free 
from the effects of aberration in a source beam. 

The Interferometer is used to create and detect an Interference pattern for 
output to an interference pattern analyzer. The interferometer according to the 

20 present invention accepts a source beam input from a source under test The 

present interferometer is provided with a beamsplitter for splitting the source 
beam into a test beam and a reference beam. The interferometer has a mirror 
disposed in the path of the test beam for reflecting the test beam back toward 
the beamsplitter. This mirror can be movable longitudinally with respect to the 

25 test beam for varying the phase of the test beam in relation to the phase of the 

reference beam. 

A micromirror is placed in the path of the reference beam for reflecting a 
portion of the reference beam back to the beamsplitter. Focusing means, such 
as a lens, in the path of the reference beam between the beamsplitter and the 
30 micromirror is used to focus the reference beam onto the micromirror. The 
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micromirror has a reflector of lateral dimension which does not exceed the 
approximate lateral dimension of the central lobe of the spatial intensity 
distribution of the reference beam focused thereon by the focusing means. The 
lateral dimension of the micromirror is preferably about one third of the lateral 
5 dimension of the central lobe of the spatial intensity distribution of the focused 

reference beam. The interferometer preferably includes an alignment detector; 
positioned behind the micromirror. 

The micromirror of the present invention, having a reflective area smaller 
than the central lobe of the focused reference beam, also serves as a spatial 
10 filter for reducing the effects of aberration in a beam. 

The filter includes a reflector having a lateral dimension which does not 
exceed the approximate lateral dimension of the central lobe of the beam 
focused upon the reflector The lateral dimension of the reflector preferably 
does not exceed approximately one third the lateral dimension of the central 
1 5 tobe of the focused beam. 

The present invention also provides a method for filtering a beam. The 
beam is focused upon a refiective-transmissive surface. A central portion of 
the beam is reflected while another portion lying outside the central portion is 
transmitted. The central reflected portion does not exceed the approximate 
20 lateral dimension of the central lobe of the spatial intensity distribution of the 

focused beam. 

The dimension of the portion reflected is preferably about one third of the 
lateral dimension of the central lobe of the beam's spatial intensity distribution. 
It will be appreciated by those skilled in the art that the accuracy and intensity 
25 of the reflected beam are influenced by the dimension of the portion selected 

to be reflected. Selecting a smaller portion for reflection will yield a more 
accurate, i.e. less aberrated reference beam, while selecting a larger portion 
for reflection will yield a reference beam of greater intensity. 

The micromirror functions as, and provides, a spatial filter which 
30 simultaneously provides a reflected beam portion known as a reference beam 
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for interfering with a portion of the unfiltered incoming test beam, and a 
transmitted beam portion to be received by an alignment observation system. 

A method for filtering a beam permits a portion of the filtered beam to be 
received by an alignment observation system. The method permits the pointing 
5 and alignment of a wavefront measurement system, e.g. an interferometer, to 

be monitored without a change in the configuration of the wavefront measure- 
ment system. 

One preferred embodiment of the interferometer according to the present 
invention includes a beamsplitter for splitting a source beam into a test beam 

10 and a reference beam, an imaging device for detecting an Interference pattern, 

a mirror disposed in a path of the test beam for reflection of the test beam 
towards the imaging device, a micromirror disposed in a path of the reference 
beam for reflection of a portion of the reference beam toward the imaging 
device, and a focusing mechanism disposed in a path of the reference beam 

15 between the beamsplitter and the micromirror, employed for focusing the 

reference beam on the micromirror. According to one aspect of this invention, 
the micromirror has a lateral dimension not exceeding the approximate lateral 
dimension of a central lobe of the reference beam focused thereon by the 
focusing mechanism whereby the test beam is reflected by the mirror and a 

20 portion of the reference beam is reflected by the micromirror, so that the 

reflected test beam and the reflected portion of the reference beam are both 
incident upon the imaging device and form a measurable interference pattern 
thereon. The above embodiment of the present interferometer may further 
include an alignment detector disposed behind the micromirror. 

25 In accordance with another aspect of the present invention there is 

provided a spatial filter for reducing effects of aberration in a beam. This filter 
includes a reflector disposed upon a transparent base wherein the reflector has 
a lateral dimension not exceeding the approximate lateral dimension of a 
central lobe of the spatial Intensity distribution of the beam focused upon the 

30 reflector. 
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According to yet another aspect of this invention, there is disclosed a 
method of filtering a beam in a wavefront measurement system. This method 
includes the steps of focusing the beam, reflecting a first portion of the focused 
beam, this first portion comprising a central portion not exceeding the 
5 approximate lateral dimension of a central lobe of the spatial intensity 

distribution of the beam when focused, transmitting a second portion of the 
beam, and this second portion including a portion lying outside of the first 
portion. 

Further objects of the present invention together with additional features 
10 contributing thereto and advantages accruing therefrom will be apparent from 

the following description of a preferred embodiment of the invention which is 
shown in the accompanying drawing, wherein: 

Fig. 1 is a schematic block diagram of an interferometer according to the 
present invention; 

15 Fig. 2 shows a plot of the spatial intensity distribution for both 

nonaberrrated and aberrated beams; and 

Fig. 3 is a logaritfirnic representation of the plotted curves illustrated in Fig. 

2. 

With reference now to Fig. 1. there is shown an interferometer 10 for use 
20 if> taking measurements of a source under test or "SUT" 12. Coupled to the 

input of the interferometer 10 is a beam 14 from SUT 12. The output of the 
interferometer 10, as comprised by an alignment signal 18 from an alignment 
camera 20 and a fringe signal 22 from a fringe camera 24, form the inputs to 
a wavefront analyzer 16. Within SUT 12 Is a point source of radiation 26, a 
25 collimator 28, and an exit pupB 30 which form9 a beam aperture for establishing 

the width of the beam exiting the SUT 12. 

Within the interferometer 10 is a beamsplitter 32, a reference path lens 34. 
an image lens 36, a test path mirror 38, a mlcromirror 44, an appropriate 
alignment image signal transducer which can be a video camera and which is 
30 implemented In the present embodiment as alignment camera 20, and a fringe 
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image signal transducer which can also be a video camera such as the fringe 
camera 24. 

As illustrated in Fig. 1, beamsplitter 32 splits the beam 14 exiting from the 
SUT 12 into two beams, a test path beam 40 and a reference path beam 42. 
5 The test path beam 40 travels from the beamsplitter 32 to the test path mirror 

38, whereupon it is reflected back to the beamsplitter 32 and reflected thereby 
to the fringe camera 24. The reflected test path beam is then focused by the 
image lens 36 to form an image of the exit pupil 30 on the fringe camera 24. 
The reference path beam 42 travels away from the beamsplitter 32 and Is 

10 converged by the reference path lens 34 upon micromirror 44. The distance 

between the beamsplitter 32 and the test path mirror 38 is preferably chosen 
to equal the distance between the beamsplitter 32 and the micromirror 44, so 
that the beams returning from the test path mirror 38 and the micromirror 44 
and incident upon the fringe camera 24 are phase stationary with respect to 

15 each other, and can form interference fringes for analysis by the wavefront 

analyzer 16. 

the micromirror 44 reflects energy only from the central portion of the 
focused beam, and allows (be remaining energy to pass through a transparent 
base 46 and an alignment image lens 48 to the alignment camera 20. A 

20 portion 50 of the reference beam 42 which is reflected by micromirror 44 Is 

collimated by the reference path (ens 34, passed through the beamsplitter 32 < 
and the image path lens 36 which images the exit pupil 30 onto the pickup of 
the fringe camera 24. 

The alignment camera 20, together with the alignment image lens 48. is 

25 positioned behind the micromirror 44 and the transparent base 46. Light from 

the reference path beam 42 which strikes the transparent base 46 but not the 
micromirror 44 causes an image of the focused spot along with a resulting 
shadow caused by the micromirror 44 to be cast upon the alignment camera 
20. 
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The alignment signal 18 is output from the alignment camera 20 to a 
monitor 52 for verification of proper alignment of the micromirror 44. Monitor 
52 displays an image of the focused spot and the resulting shadow caused by 
micromlrror 44. An operator viewing the display may adjust the position of the 
5 micromirror 44 or other elements including the SUT 12 so as to ensure correct 

pointing, horizontal alignment, and focusing of the reference path beam 34 
upon the micromlrror 44. Generally, elements of interferometer 10 are adjusted 
for some standard conditions, and then the pointing and alignment of the SUT 
12 is adjusted. The pointing of the SUT 12 can be adjusted by moving the 
10 point source 26 laterally with respect to the collimator 28. It will be appreciated 

from the foregoing that the source painting and alignment can be observed and 
adjusted without any change in the configuration of interferometer 1 0. 

Micromirror 44 can be constructed by any of several known processes, 
such as selective plating and photolithography on a transparent substrate such 
15 as glass. Appendix A is a listing of components, including commercially 

available items, capable of being used to build the spatial fitter and interferome- 
ter of the present Invention. 

The function of the micromirror 44 is to generate a reference beam from 
the source beam which is relatively free of the effects of aberration in the 
20 source beam. The selection of the size of the micromirror is described below 

with reference to Fig. 2. 

In Fig. 2, a curve 202 represents the spatial intensity distribution, 
expressed as intensity versus lateral coordinate, of a focused beam which is 
free from aberration effects. The nonaberrated beam is pointed and aligned so 
25 that a peak intensity 204 occurs at a centertine 206. Minimums of intensity 208 

occur at first minimum points 210 and 212, also known as zero order diffraction 
minima or first nulls. The spatial intensity distribution of the nonaberrated beam 
202 also displays second minimum points 214 and 216. These minimum points 
are also known as first order diffraction minima or second nulls. 
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The relatively high intensity area between the first minimum points 210 
and 212 defines a central lobe of the intensity distribution. The lateral 
dimension of the central lobe is defined by a distance 218 between first 
minimum points 210 and 212. Generally, the lateral dimension of the central 
5 lobe of the spatial intensity distribution can be estimated mathematically, given 

such factors as the numerical aperture of the focusing fens and the wavelength 
used. Alternatively, the lateral dimension 218 of the central lobe can be 
determined empirically from measurements taken of similar sources and the 
particular optics used. 

10 Sidelobes 220 and 222 are defined by the area between first minimum 

points 210, 212 and second minimum points 214, 216 respectively. In a 
focused non aberrated beam most of the energy is concentrated in the central 
lobe as defined by the area under curve 202 between first minimum points 210 
and 212. Relatively little energy fies in sidelobes 220 and 222. 

15 A curve 230 shows the spatial intensity distribution of a focused beam 

which displays a particular type of aberration known as coma. This type of 
aberration causes the beam's intensity distribution to become nonsymmetrical 
such that it is shifted somewhat to one side. On the opposite side, the intensity 
of a sidelobe 236 remains relatively higher than the intensity of the sidelobe 

20 220 of the nonaberrated beam. Therefore, more energy is present in the 

sidelobe 236 of the aberrated beam having coma than the sidelobe 220 of the 
nonaberrated beam. Fig. 3 shows a logarithmic representation of the spatial 
intensity distribution of both a nonaberrated beam 302 and a beam having 
coma 304. 

25 The energy contained in the sidelobes of an aberrated beam place an 

upper limit on the resolution capability of the optical system. If sidelobe energy 
is too great, the aberrated beam cannot be focused to a sufficient degree to 
permit the optical system to resolve property. In the present invention, the 
micromirror 44 is used as a spatial fitter to generate a reference beam which 

30 is relatively free from the effects of aberration present in the source beam. The 
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microrhirror 44 must be sized to reflect energy contained in the central lobe of 
the intensity distribution of the source beam, while permitting the sktetobe 
energy to pass by the micnomirror. Therefore, the micromirror 44 should have 
a reflector which does not exceed the approximate fateral cSmension 21 8 of the 
5 central lobe of the focused beam's spatial intensity distribution. 

The reflected energy from the micromirror 44 fbmi9 a reference beam 
which is relatively free from aberration. Therefore, the reference beam can be 
used as a basis for comparison for measuring aberration in the beam from a 
source under test. 

1° It will be appreciated by skilled practitioners that the portion of the beam 

selected for reflection plays a role in determining the accuracy and intensity of 
the reflected reference beam. For application of the micromirror 44 in an 
interferometer of the present Invention, It has been found that the portion of the 
beam to be reflected should be selected so that the lateral dimension of the 

15 micromirror is about one third the diameter of the central lobe of the spatial 

intensity disfrfoution of the focused beam. This distance is represented by a 
distance 240 as illustrated in Rg. Z Distance 240 is also represented by 
intersection points 242 and 244 between curve 202 the spatial intensity 
distribution curve 230 of the aberrated beam having coma. This demonstrates 

20 that energy present in sidelobe 236 is not reflected when the micromirror is of 

the smaller preferred dimension 240. 

With reference again to Fig. 1 , the simultaneous incidence of the test path 
beam 40 and the reference path beam 42 upon the pickup (not separately 
marked) of the fringe camera 24 forms an interference pattern which exhibits 

25 a number of fringes. Fringe camera 24 detects an Image of the fringes and 

converts sucn. image into the electrfcai fringe signal 22 for further transmission 
to a monitor 56 and the wavefront analyzer 16. Monitor 56 displays an image 
of the fringes. This image can be used to monitor of the alignment and pointing 
of the SUT 12 into the interferometer 10. This arrangement permits an 

30 operator to correct residual fine error in the alignment and pointing of the SUT 
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12 with respect to the Interferometer 10. The wavefront analyzer 16 operates 
upon the fringe signal 22 to map and measure the wavefront quality of the SUT 
12 in relation to an Idealized wavefront as represented by the reference beam. 
Wavefront analyzer 16 can be implemented by any computer such as a 
5 PC, and appropriate interfacing devices. The fringe signal 22 from the fringe 

camera 24 forms the input to a video signal digitizer (not shown) for interfacing 
into the PC. Any standard video signal digitizer such as the n M Vision 1000 
Frame Grabber available from MU Tech will perform the necessary digitization 
of the fringe signal 22 for interfacing Into the PC. The PC in the wavefront 

10 analyzer 16 can then operate upon the digitized image signal to create data 

representative of the difference between the actual beam wavefront and that 
of the idealized reference beam. 

Wavefront analyzer 16 controls the placement and movement of the test 
path mirror 38 through digital analog converter card (not shown) and a 

15 piezoelectric translator (PZT) 54. PZT 54 is provided to move the test path 

mirror 38 in the direction of the propagating wave of the test beam 40 in 
increments of less than one wavelength so as to vary the phase of the test 
beam 40 with respect to the reflected reference beam portion 50. In this way, 
the wavefront from the SUT 12 can be made to interfere with the wavefront of 

20 the reflected reference path 50 for several different phases of the beam so as 

to form a more complete representation of the variations between the two. 

The PC of the wavefront analyzer 16 runs software to provide wavefront 
measurement data for the beam. Appropriate software is provided to generate 
data representing the variation of the wavefront propagated from the SUT 12 

25 with respect to a wavefront which propagates with perfect planar, spherical or 

cylindrical geometry. In addition, data representing the variation of the source 
beam wavefront in terms of mathematical functions known as Zernike 
polynomials is also produced by operation of the software upon the digitized 
fringe signal 22. 
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For example, the measurement data referenced to a planar wavefront 
indicates the difference of the observed wavefront from the plane equation z 
= Ax + By + C. The data also Indicates the x and y axis tilt; the peak, valley, 
and peak-valley values; and the residual fit root mean squared (rrns) error. The 
5 measurement data referenced to a planar wavefront Is also provided with the 

observed variation due to x and y axis tilt subtracted or factored out In 
addition, the measurement data referenced to a spherical wavefront also 
includes a factor for the spherical power of the observed wavefront The 
measurement data referenced to a cylindrical wavefront Includes a factor for 

10 the astigmatism of the observed wavefront. 

While this invention has been descrfced in detail with reference to a 
certain preferred embodiment it should be appreciated that the present 
invention is not limited to that precise embodiment. Rather, in view of the 
present disclosure which describes the current best mode for practicing the 

15 invention, many modifications and variations would present themselves to 

those of skill in the art without departing from the scope and spirit of this 
invention. The scope of the invention Is, therefore, Indicated by the following 
claims rather than by the foregoing description. All changes, modffications, and 
variations coming within the meaning and range of equivalency of the claims 

20 are to be considered within their scope. 



APPENDIX A 

Micro Mirror Interferometer Parts List 
Computer PC, PCI bus Cards: 1 

1 



MU Tech, M- Vision 1000 Frame 
Grabber (for the fringe camera) 

Keithley, DAC-02 Analog output board 
(05 volt input for PZT high voltage 
supply) 



Camera: 



2 



Cohu, 1100 RS.170. ^"format 
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PZT 1 Po|ytec PI, P-241.00, 5 micron piezo 

translator 



PZT High Voltage Supply 

5 Optics: 

Test path mirror 

50/50 Beam-splitter 

10 

Micro Mirror 
Reference lens 
15 Image lens (Fringe Camera) 

Image lens (Alignment Camera) 

20 

Alignment monitor 



1 Poiytec PI. P-261 .20 OEM amplifier 
module 

1 1" diameter, 3/8" thick, (mounted on 
the PZT, movement of this mirror is 
used for phase shift) 

1 1 .5" diameter, 3/8" thick, (splits 1/2 
the light to the test path and 1/2 the 
light to the reference path) 

1 20 micron chrome dot on a 12.7 mm. 
diameter glass disk, AR coated. 

1 200 mm fl lens ( used to focus light on 
the micro mirror) 

1 330 mm fl lens (images the laser 

source aperture on the fringe camera) 

1 20X microscope objective (images the 
micro mirror and the focused beam of 
the reference path, used to align the 
laser source to the Interferometer) 

1 Standard B&W camera monitor, (used 
for real time viewing of alignment 
camera or fringe camera) 



(24) 
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4 Breaf Description of Drawings 

Fig. 1 is a schematic block diagram of an Interferometer according to the 
present invention; 

15 Fig. 2 shows a plot of the spatial intensity distribution for both 

nonaberrrated and aberrated beams; and 

Fig. 3 is a logarithmic representation of the plotted curves illustrated in Fig. 

2. 
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Fig. 1 




Fig. 2 
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Fig. 3 
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ABSTRACT OF THE DISCLOSURE 

An interferometer includes a beamsplitter for splitting a source beam into a test 
beam and a reference beam, an imaging device for detecting an interference 
pattern, a mirror disposed in a path of the test beam for reflection of the test beam 
toward the imaging device, a mlcromlrror disposed in a path of the reference beam 
for reflection of a portion of the reference beam toward the imaging device, and a 
focusing mechanism disposed for focusing the reference beam on the micromirror. 
The micromirror has a lateral dimension not exceeding the approximate lateral 
dimension of a central lobe of the reference beam focused thereon by the focusing 
mechanism. A spatial filter for reducing effects of aberration in a beam includes a 
reflector disposed upon a transparent base wherein the reflector has a lateral 
dimension not exceeding the approximate lateral dimension of a central lobe of the 
spatial intensity distribution of the beam focused upon the reflector. A method of 
filtering a beam in a wavefront measurement system is also provided. This method 
includes focusing the beam, reflecting a particular first portion of the focused beam, 
and transmitting a second portion of the beam. 
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Representative Drawing 
Fig.l 
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